Abstract. The electro-hydraulic servo position closed-loop system is a high-precision control system with wide application, we established a mathematical model of hydraulic servo closed-loop system at first to design SIEMENS S7-1500 PLC-based electro-hydraulic servo position closed-loop control system, and to achieve high-precision position closed-loop control by adopting PID control algorithm.
Introduction
Due to high pressure and precise position control, the electro-hydraulic servo control system has been increasingly widely applied in industrial sector. Along with the development of servo control technology [1] , using PLC as the control core to build a servo control system featuring simple and easy maintenance and high extendability has gradually become the trend. SIEMENS's new CPU S7-1500 series high-end CPU 1517-3 has 2ns bit logic operation speed, fully suitable for the production of high-precision electro-hydraulic servo system. We adopted CPU 1517-3 as control template to carry on experimental study in electro-hydraulic servo system experimental platform, and advanced language to perform loop algorithm programming, the results indicating that PLC -based high precision electro-hydraulic servo control system was of great practical significance.
System scheme
The stretching position of piston rod of piston-type hydraulic cylinder was controlled by regulating the servo valve current of hydraulic servo system, and a magnetostrictive displacement sensor with the detection accuracy of 1±1um was installed in the inside of piston-type hydraulic cylinder with SSI digital signals as output signal. The servo valve was controlled by comparing the displacement collected by PLC and given displacement, and closed-loop control algorithm was adopted based on deviation in PLC, to finally achieve micron-level hydraulic cylinder position closed-loop control, the principle diagram is as shown in figure 1: Figure 3 , the open loop model of the system is as follows:
Based on formula 1, the mathematical model of the system is a 6-order complex system. As servo valve and sensor had rapid response, small factors were ignored when simplifying mathematical model, and a simplified mathematical model was derived as follows:
In the experiment system, approximate values of key parameters shown in Table 1 were brought in formula 2 to derive final approximate simplified mathematical model as follows: 
Design of PLC control system
The experimental system consisted of PLC as the control core, SIEMENS's new S7-1500 series module and CPU1517-3DP/PN template. In addition to the conventional digital input and output, high speed AO templates were used as the output of servo valve, and special process template TM PosInput 2 module was adopted to collect SSI displacement signal [4] [5] , the hardware list of PLC is as shown in table 2. Table 2 The principle of PID control algorithm applied in position closed loop control system is shown below: 
Verification of control effect
First of all, an experimental platform was set up, and then hardware was connected and software program was written to verify the control precision of closed loop system. The S7-TREND data acquisition software was applied to perform online data collection to the internal address of S7-1500 register, and figure 5 shows the process response curve after several times of adjustment of PID parameters. mathematical model with step response as 1mm. As system steady-state error and rise time changed slowly, P K was increased to 2.4 to obtain determination effect of curve 2 based on parameter debugging experience of PID controller, and rise time improved slightly, but the control precision was still low. After many times of adjustments, PID parameters were determined as P K =5.8,
I
K =0.08ms and D K =0.3min, and derived 2mm step response curve 3. In order to further verify the effect of step response with larger amplitude, negative (servo cylinder retraction direction) 4mm step was given to obtain results are shown in response curve 4. It can be learnt from curve 3 and 4 that high closed-loop response accuracy was obtained after several times of adjustment of PID parameters, verifying the feasibility of PLC-based electro hydraulic servo position closed-loop control system.
Conclusion
Through the research on electro-hydraulic servo position closed-loop system, we designed PLC-based position closed-loop system. First of all, we fully understood the principle of position closed-loop through mathematical modeling of position closed-loop system, and verified the position closed-loop effects of servo system by building PID control software on PLC, to finally realize ideal control accuracy by adjusting PID parameters, so as to verify the high application of PLC in high precision closed-loop electro-hydraulic servo system.
